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[57] ABSTRACT

An apparatus for determining the average size of funda-
mental patterns contained in a given region of an object
to be inspected, which includes Fourier transform
means for producing output data corresponding to a
Fourier transform pattern image of the given region of
the object, and processor means for processing the out-
put data to provide the actual pattern size information.
The Fourier transform means includes a Fourier con-
verter for providing the output data corresponding to
Fourier fransform patterns. The processor means in-
cludes an extractor coupled to the Fourier transform
means for extracting a single magnitude data (I,) repre-
senting the order n of spatial frequency component (e.g.
200) from the output data, the magnitude of the order n
component changing with variation (e.g. Aag) of the
size of patterns; and a data processor coupled to the
extractor for determining the average size of patterns in
the given region according to the single magnitude (I,)
and providing the actual pattern size information indi-
cating the averge size of the patterns.

40 Claims, 29 Drawing Figures
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APPARATUS FOR INSPECI‘ ING AVERAGE SIZE
OF FUNDAMENTAL PATTERNS

This invention relates to pattern 1nspect1ng- apparatus
for measuring the average size of fundamental patterns

substantially regularly arranged in a body or object to -

be inspected. |
As the system for measuring the pattern size, those as

shown in FIGS. 1 and 2 are previously known. The
system shown in FIG. 1 is provided by Recognition

Systems Inc., U.S.A., and called MAME system. In this

system, a body 2 having an opening or aperture is illu-
minated by a laser or coherent light beam through a
Fourier transform lens 1, and the Fourter spectrum of
the body, obtained by illumination thereof through the
lens, is detected by a photodiode array 3. The output of
the diode array 3 is coupled through an A/D converter
(interface) 4 to a microcomputer §. In.the microcom-
puter 5, the input data which is a- Fourier transform
pattern image data is processed to obtain-its autocorre-

4,408, 588"3

5

2

The invention is predlcated on the fact that with a

Fourier transform pattern image of an object having
‘regularly arranged fundamental patterns the light inten-

sity distribution of the spatial frequency components or
diffracted light components (which is hereinafter re- -

ferred to as an envelope pattern) changes with the size

- of the fundamental patterns.

10

This will now be briefly discussed w1th reference to

" FIGS. 3A, 3B and 3C. FIG. 3A shows the Fourier

spectrum of an object havmg regularly arrayed funda-

 mental patterns. In the figure, the ordinate is taken for

15

the light intensity, and the abscissa is taken for the spa-
‘tial frequency (i.e., diffraction order). The peaks of the
light intensity are referred to as diffraction components.
..), and the envelope pattern .

for the individual peaks is desrgnated as 100. Similar to

of order n (n being 0, 1, 2, .

FIG. 3A, FIGS. 3B and 3C also show envelope patterns

~ of objects having regularly arrayed fundamental pat- |

20

- terns. More particularly, FIG. 3B shows a Fourier spec-
trum in case where the fundamental patterns are slightly

. “greater in size compared to the case of FIG. 3A, and

lation distribution. From this autocorrelation distribu-

tion the opening or aperture size of the bedy 2 can be 1

determined with high precision.

The system shown in FIG. 2 is for- preelsely measur-

ing the diameter of a circular opening or aperture. In

‘FIG. 3C shows a Fourier spectrum in case where the
fundamental pattern size is slightly less. In FIGS. 3B

" and 3C, the respective envelope patterns are designated

25

as 101 and 102. In the envelope pattern 101 a slope sign

- change point (minimum level point) A2 is closer to the

this system, an inspection pattern 6, obtained by laser

beam irradiation, is coupled through a Fourier trans-

form lens 7 to a filter 8 disposed on the Fourier trans-

form conversion plane, and the filter output is coupled
through another Fourier transform lens 9 for photoelec-

tric measurement on an output plane 10 to determine
the aperture diameter (A. L. Flamhelz et al, IBM, J.
Res. Develop. 1973, p 509)

With the above measunng systems the size of a smgle
aperture (or pattern) can be measured with high prem-
ston. However, if 1t 1s desired to obtain the average size
of a number of patterns formed in a body to be in-

30

- envelope pattern changes depending upon the funda- .

35

origin 0 than the corresponding slope sign change point
- Al in the envelope pattern 101. (This is referred toas =~ -
reduction.) In the envelope pattern 102 a slope sign

change point A3 is further apart from the origin 0 than -
the point Al in the envelope pattern 100. (This is re- |
ferred to as enlargement.) It will be seen that since the

mental pattern size, light intensity information which
changes even with very slight changes of the fundamen- .

_ tal pattern size can be obtained from the measurement
. of the light intensity of diffraction component of a spe- -

spected, cen51derable time is required for the measure-

ment, because the sizes of the individual patterns have

to be measured one after another before calculation of

the average value. |
As a prior art method for measunng the average size

of a number of openings or apertures provided on a

body for inspection, it has been known to measure light
transmittance for obtaining the average aperture size
through calculation. However, although this method is
simple, precision of measurement is inferior.

The invention is intended in the light of the above,
and its objeet is to provide an apparatus for inspecting
average size of fundamental patterns at hlgh speed and
with high precision. |

40 |
- reduced with an enlargement of the fundamental pat- .
tern size and increased with a reduction of the funda- -

45
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To achieve the above object of the lnventlon, thereis

provided an apparatus for inspecting an object, which
comprises Fourier transform means for producing out-
put data corresponding to a Fourier transform pattern
image of a given region of an object having regularly
arranged fundamental patterns, extractor means cou-
pled to the Fourier transform means, for extracting
- specific data representing a spatial frequency compo-
nent of the order n from the output data, the magnitude
of the order n component changing with the size varia-
tion of the fundamental patterns, data processor means
coupled to the extractor means, for determining the
average size of the fundamental patterns according to
‘the specific data and providing an actual pattern size
information indicating the average size of fundamental
patterns. |

35
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-~ cific order in the neighborhood of the slope sign change '

point (i.e., extreme level point). For example, in FIGS.
3A to 3C, the intensity of a spectral component 200 is

mental pattern size. As for an another spectral compo-
nent 201, the light intensity is increased with increase of
the fundamental pattern size and reduced with decrease
of the fundamental pattern size. |
Thus, even slight changes of the fundamental patterns
can be detected with high precision through the mea-
surement of the higher order spectrum light intensity.
In this case, even by expanding the measurement region
for simultaneously obtaining Fourier transform data for
a number of fundamental patterns on the inspected ob-

ject, the obtained envelope pattern has a similar Fourier

spectrum to that of the envelope pattern in case of a
single fundamental pattern. Thus, it is possible to obtain
instant measurement of the average size of all the funda-
mental patterns contained in the measurement region.

- This invention can be more fully understood from the

following detailed description when taken in conjunc-

“tion with the accompanying drawings, in which:

“FIGS. 1 and 2 show prlor art apparatuses for measur-

ing or inspecting pattern sizes;
'FIGS. 3A, 3B and 3C are graphs explalnlng the na-
ture of the present invention;

FIG. 4 is a schematic diagram representing an em-
bodiment of the invention;

'FIG. 5 shows example patterns lecated in a gwen
region of a body to be inspected;
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FIGS. 6 and 7 are graphs illustrating the relation
between intensity (I,) of the specific diffracted light
component and variation (Aag) of the pattern size;

FIG. 8 is a block diagram illustrating specific details
of the data processor 19 shown in FIG. 4;

FIG. 9 shows an example of displayed figure 1llustrat-
ing Aay vs. X;

FIGS. 10A, 10B and 10C show modifications of pin-

hole 16 provided on the focal plane FP;
FIGS. 11 and 12 show modifications of patterns

shown in FIG. §;

FIG. 13 shows a modification of F1G. 4 apparatus;

FI1G. 14 is a schematic diagram representing another
embodiment of the invention;

FIG. 15 shows a view of X-Y stage used in the em-
bodiments of FIGS. 4 and 13;

FIG. 16 is a block diagram illustrating specific details
of the pulse generator 30 shown in FIG. §;

FIG. 17 is a timing chart illustrating the operation
sequence of the pulse generator 30; |

FIG. 18 illustrates details of the microcomputer 49
shown 1in FIG. 14;

FIG. 19 is a flow chart explaining the operation of
microcomputer 49 of FIG. 14;

FIGS. 20A and 20B illustrate an example of X-Y
color display indicating the variation (Aag) of patterns;

FIG. 21 i1s a block diagram of a configuration for
displaying variation of patterns by means of X-Y color

display;

FIG. 22 shows a partial modification of the apparatus 30

of FIG. 4;
FIG. 23A shows another example pattern to be in-

spected in accordance with the present invention,
where apertures are located on a 3-dimensionally

formed surface; and
FIG. 23B shows a cross-sectional view taken along

lines A—A' of FIG. 23A.
Before proceeding with the description of the em-
bodiments of the invention, it will expressly be under-

stood that like reference symbols are used to designate 40

like portions throughout the drawings for simplicity of
illustration and that the components designated by like
reference symbols may easily be replaced with each
other or one another with minor change thereof by a
skilled person in the art. An embodiment of the pattern
inspection apparatus according to the invention will be
described.

FIG. 4 shows a schematic diagram of the embodi-
ment of the invention. An object 11 to be inspected 1s
supported in an X-Y stage 12. (The X-Y stage 12 will be
described hereinafter in detail with reference to FIG.
15.) The object 11 which 1s mspected in accordance
with the invention is a plate formed with a number of
regularly arrayed openings or apertures as will be de-
scribed in connection with FIG. § and following fig-
ures. A coherent light source 13 which may, for in-
stance, be a helium-neon laser, produces a coherent
light beam, which is enlarged by a collimator lens sys-
tem 14 to an appropriate light spot diameter, for in-

stance 8 mm. The enlarged parallel coherent light beam

irradiates a given region of the object 11. Light trans-
mitted through the object 11 1s incident on a lens 15.
The lens 1S has a Fourier transform function, and a
Fourier transform conversion pattern image of the ob-
ject 111s formed on a focal plane FP which is located at
a position distant from the lens 15 by the focal distance
f thereof. An opening or pinhole 16 1s provided on the
focal plane FP, and of the aforementioned Fourier

10
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transform conversion pattern image only the diffracted
light of the order n passes through the pinhole 16. The
order n diffracted light passing through the pinhole 16 1s
incident on a photosensor 17, for instance a photomulti-
plier, and converted thereby into an electric signal I,
(specific data), which is converted by an A/D con-
verter 18 into a digital signal Ip which is in turn coupled
to a data processor 19. The result of data processing 1n

the data processor 19 is displayed on a display device 20
which comprises, for instance, a CRT monitor. Desig-
nated at 21 is a stage controller for driving the X-Y

stage 12.

FIG. 5 shows an example of the object inspected.
This object is a color television picture tube shadow
mask comprising a base plate formed with a number of
rectangular openings 23. The size of the openings 23 is
az in X-axis direction and ayin Y-axis direction. These
openings are regularly arranged at a pitch Py in X-axis
direction and a pitch Py in the Y-axis direction.

‘The Fourier transform pattern for such inspection
object is given as

(sinc pattern) X (Fourier pattern of aperture arrange-
ment) . . . (1) Note:

SINTTX
TTX

SINC X ==

Now, the case of measuring the average value of the
X-axis dimension ag of the apertures in the object will
be described (the case with the Y-axis dimension ay
being the same as the case with the X-axis dimension
and thus not described).

The object 11 is supported in the manner as shown in
FI1G. 4, with the X-axis direction coincident with the
vertical direction of the paper of the figure and the
Y-axis direction coincident with a direction perpendicu-
lar to the paper thereof, and the pinhole 16 is located in
the focal plane FP at which the order n diffracted light
on the spatial frequency axis (£ axis) in the X-axis direc-
tion is focused. In this arrangement, when there is a
variation Aag in the size agy, the electric signal I, pro-
duced from the photoelectric converter 17 is given as

2
ay 4+ Aay @

L sin | nmr
52 Py

Thus, measurement of the wvariation Aagy through
amplification is possible by appropriately selecting the
number n and also appropriately settling the argument
value of sin?, i.e., selecting an appropriate working
point for the measurement.

FIGS. 6 and 7 shows the relation between electric
signal I, and variation Aagy. The electric signal is- unity
for the object (FIG. §) where ag=170 um and Py =650
pm.

FIG. 6 shows the electric signal Ii2 in case with
n=12, i.e., in case where the order 12 diffracted light 1s
extracted through the pinhole 16. In this case &=1 um
variation of ag can be detected as +12% changes of the
electric signal. |

FIG. 7 shows the electric signal Ig in case with n=2§,
i.e., in case where the order 8 diffracted light i1s ex-
tracted through the pinhole 16. In the actual measure-
ment, the order number n can be appropriately selected
by taking the measurement conditions, characteristic
curve of the electric signal, detection sensitivity, signal-

In(ﬁﬂﬂ o
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to-noise ratio, etc. into considerations. With the inspec-
tion object as mentioned above, about 120 apertures can

be simultaneously illuminated by a parallel light beam of

8 mm in diameter. |

For obtaining the average value of the aperture size
ayof the object in the Y-axis direction shown in FIG. 5,
the pinhole 16 in FIG. 4 may be located such that it
permits extraction of the order n diffracted light in the
m-axis perpendicular to the &-axis (i.e., in a direction
perpendicular to the paper of the figure). -

FIG. 8 shows specific details of the data processor 19
shown in FIG. 4. An X-counter 31 and a Y-counter 32
count output pulses from a clock & timing pulse genera-
tor 30, and their outputs, produced as a result of count-
ing, indicate the region of the object 11 that is illumi-
nated by the parallel light beam. A code converter
(ROM) 33 in which the digital data corresponding to
the characteristic curve shown in FIG. 6, for instance, is
memorized. A data memory (RAM) 34 stores the mea-
sured or calculated average pattern size in each region.
When the X-counter 31 receives a pulse $0 supplied
tfrom the clock & timing pulse generator 30, it adds “1”
as increment to its count. The count result data of the X-
and Y-counters 31 and 32 are supplied to the stage con-
trol device 21. The stage control device 21 moves the
X-Y stage 12 in the X- and/or Y-directions according to
the count result data inputted. At this time, a Fourier
transform pattern image of the region of the object 11
irradiated by the parallel light beam is formed through
the lens 15, and its order 12 diffracted light is extracted
through the pinhole 16. The photosensor 17 thus pro-
duces an electric signal I3 corresponding to the inten-
sity of the extracted order 12 diffracted light. The elec-
tric signal 113 is converted by the A/D converter 18 into
the digital data Ip. This data Ipis loaded in a register 35
under the control of a pulse ¢1 produced from the clock
& timing pulse generator 30. The data Ipin the register
35 is supplied as an address designation signal to the
ROM 33, whereby data Ip; representing the average
variation value Aag corresponding to the data Ipis read
out from the ROM 33. This data Ip; is loaded in a regis-
ter 36 under the control of a pulse &2 produced from
the clock & timing pulse generator 30. When the clock

4,408,883
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the object 11 and showing the average variations Aag
for the individual regions with corresponding colors.
Such a color display can be realized by modulating a
color television color decoder with a signal correspond-
ing to Aag, and this will be described hereinafter in
detail. S

Now, the effects of the invention will be discussed.
- In one embodiment of the invention, use is made of
the Fourier transform function of a lens for inspecting
all the pattern information contained in the coherent
light beam transmitted through an object inspected. The
Fourier transform has such a nature as to permit instant
measurement of the average size of all pattern informa-
tion contained in the transmitted beam. Thus, according
to the invention the speed of measurement obtainable is
by far higher than the case of a prior art high precision
measuring instrument such as a computer image pro-
cessing system where the individual patterns are mea-
sured one after another for calculating the average pat-
tern size. With the above embodiment of the present
invention, about 120 patterns contained in a 8-mm diam-
eter laser beam can be instantly measured with a resolu-
tion of 0.1 um. If the same resolution is to be provided
for data processing with a computer processing system,
as large a bit number as about 5X 109 bits is required for
the aforementioned 8-mm diameter input data. In this
case, some 5 seconds is required for the measurement
with a processing rate of 1 nsec. per bit. -

In the second place, the precision obtainable accord-
Ing to the invention is by far superior to the prior art

light transmittance measuring method, which is a high

speed measuring method. With the usual case of light
transmittance measurement, the variation of the light -

transmittance that is obtainable with a =1 pwm variation
of the ag of the object inspected with the above embodi-
ment 1s only about +0.57%. In contrast, according to

- the invention the order 12 diffracted light intensity (I12).

40

& timing pulse generator 30 subsequently produces a

pulse $3, the data Ip; representing Aag, loaded in the
register 36, is written in the data memory 34 in specific
address thereof designated by the contents CX and CY
of the X- and Y-counters 31 and 32.

As the clock & timing signal generator 30 repeatedly
produces the successive pulses ¢0 to ¢3, the scanning or
measuring of the entire area of the object 11 is obtained,
and the average variation values for individual regions
are successively stored in the data memory 34. The
content DD of the data memory 34 is taken out through
a display interface 37 for display on the display device
20.

FIG. 9 shows an example of the display on the display
device 20. In the Figure, the ordinate is taken for the
average variation Aay and graduated in um, and the
abscissa is taken for the shift extent of the X-Y stage 12
in the X-direction and graduated in 10 mm. While the
instant embodiment is constructed such that it permits

observation of the object pattern size variations in the

X-axis direction, it is also possible to obtain a two-di-
mensional display of fluctuations of the pattern distribu-
tion over the entire inspection object by setting up one-
to-one correspondence between the points on a CRT
display, for instance, and the points on each region of

45

50

33
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18 varied by as much as 12% with the £1 um as in the
above embodiment. This means that according to the
invention it is possible to obtain as high a sensitivity as
about 20 times that in the case of the prior art light
transmittance method. .
Further, with the apparatus according to the inven-

tion, accurate measurement can be obtained even where

the object inspected is subject to rotation by several
degrees. More particularly, the pattern that is formed
on the focal plane of the Fourier transform lens has an
arrangement of bright spots widely spaced apart from
one another. Accordingly, by forming the pinhole 16
such that it is elongate in the direction of rotation of the
object, as shown in FIGS. 10A to 10C, to such an extent
that the diffracted light (i.e., a bright spot) can be de-
tected without extraction of the diffracted light of the
adjacent order (i.e., order (n—1)th and (n+ 1)th with
respect to the order n), correct measurement can be
obtained even if the object 11 inspected is subject to
rotation within, for instance, about 15° in case with the
order 12 diffracted light for detection and about #7° in
case with the order 8 diffracted light. -

In addition, with the apparatus according to the in-
vention the measurement is determined by the ag/Py as
is seen from formula (2). Thus, tilting of the inspected
object with respect to the optical axis does not affect
precision of measurement because this does not result in
a change of ag/Pg. This further means that correct
pattern size measurement can be obtained even in case
where the object 11 is three-dimensionally deformed;
that is, accurate pattern size measurement can be ob-
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tained 1n case of an object 11 as shown in FIGS. 23A
and 23B, which i1s prepared from a flat plate with a
[JICSS.

Further, it will be apparent from the principles of
measurement that even 1f the inspection object is shifted
in the X- and Y-directions instant measurement of the
region irradiated by a beam can be obtained. This means
that no positioning adjustment of the object is needed,
and measurement can be made while moving the object.

Further, by using a parallel light beam for illumina-
tion, accurate measurement can be obtained even in
case when the object is displaced in the direction of the
beam axis, that is, no focusing is needed. Thus, with an
object having a shape as shown in FIGS. 23A and 23B,
no particular focusing mechanism is needed for the
measurement,

Rearranging formula (2) we obtain

) /sin? (mrr ) - 1

Equation (3) defines the sensitivity S,(az) of the appara-
tus with respect to ay vs. I,. Sy is a function of n ex-
pressed as

3
ay -+ Ax )

P

arf
Pr

S,(Ax) = sin? (mr

(4)

TUY
Pry

It will be seen that n can be appropriately determined to
provide a high sensitivity when ag/Pgis given by equa-
tion (4). In practice the order n to be extracted should
be determined with measuring condition, such as a mea-
suring range.

As has been shown, according to the invention it is
possible to provide a practical measuring apparatus,
with which the precision requirement is less strict in
spite of the fact that high speed and high precision
measurement 18 possible.

Now, some modifications of the above embodiment
of the invention will be described. While in the above
embodiment the object for inspection has had regularly
arrayed rectangular apertures as shown in FIG. 5, this is
by no means limitative, and an object having fundamen-
tal patterns of any shape, such as oval apertures as
shown in FIG. 11 or circular apertures as shown in
FIG. 12, can be inspected insofar as the patterns are
substantially regularly arrayed. With the inspection
objects shown in FIGS. 11 and 12, however, formulas
(1) to (4) do not be held. Accordingly, with these ob-
jects a slope sign change point (minimal or maximal
level point) in the envelope pattern of the Fourier trans-
form pattern image which bears the information about
the individual fundamental patterns may be found out,
and diffracted light of order n in the neighborhood of
that point with much intensity (i.e., amplitude) variation
may be selected for measurement. Stated differently,
the invention selects the order n spatial frequency com-
ponent where the rate of change, i.e. the differential
coethicient, of the magnitude of the order n component
with respect to the variation of the size of the patterns
1s substantially maximum,; preferably this order n spatial
frequency component occurs where the envelope of the
spatial frequency components is at a minimum level. By
so doing, high sensitivity measurement can be obtained.

In another aspect, while in the above embodiment the
object for inspection has had openings or apertures

Sylay) = 2 cot (n

10

15

20

25

30

35

45

50

35

635

8

formed in a substrate typically such as a shadow mask
for television picture tube screen, the invention is also
applicable to the inspection of objects without any aper-
ture such as a glass plate provided with fundamental
patterns of an opaque material or a material having a
different light transmittance. Further, in case of a light
reflecting object such as metal object which is provided
with fundamental patterns, an arrangement as shown in
FIG. 13 may be employed for measurement. In this
arrangement, a Fourier transform pattern image is
formed from light reflected by an object 11. More par-
ticularly, in FIG. 13, parallel light transmitted through
a half mirror 22 is incident on the object 11, and light
reflected thereby is coupled through the half mirror 22
to a lens 15, which has the Fourier transform function.
The other part of the construction is the same as in the
apparatus of FIG. 4, so its description is omitted.

In the arrangement of FIG. 4, the extraction of order
n diffracted light on the focal plane can be made more
easy when patterns of an object are spaced apart with a
large pitch by means of disposing, in the light path, a
lens 15 for enlarging the Fourier transform pattern im-
age.

Also, 1t 1s possible to dispose a light screening tube
and a color filter in front of the pinhole 16 in order to
eliminate undesired external noise light being irrelevant
to the measurement. Further, a microcomputer may be
used for the data processor 19. In this case, it is possible
to provide not the relative value (i.e., variation) but the
absolute value of the fundamental pattern average size
by using an one-to-one correspondence table between
the photosensor output and output data.

FIG. 14 shows a different embodiment of the inven-
tion.

In this embodiment, the Fourier transform pattern
image is electrically formed. In the figure, light from an
incandescent lamp 40 illuminates an object 42 to be
inspected through a lens 41. The light image of a given
region of the object 42 is focused through a lens 43 on
a target plane of an image pick-up device 44, for in-
stance a vidicon ®). The image pick-up device 44 con-
verts the incident light image into an electric signal,
which is converted through an A/D converter 45 into a
digital signal to be stored in a read/write memory 46.
The image data output from the memory 46 is coupled
to a fast Fourier transform unit 47, the output of which
1s coupled to and stored in a read/write memory 48.
Thus, in the memory 48 digital data of the two-dimen-
sional Fourier transform pattern image of a given region
is stored. As the Fourier transform unit 47, Model AP-
400, by Analogic Inc., U.S.A., for instance, may be
used.

In the microcomputer 49, an address corresponding
to a diffracted light component of a suitable order is
preset, and the content of the memory 48 for this ad-
dress 1s selectively fetched out for arithmetic processing
in the microcomputer 49. As a result of processing, the
average size of a plurality of fundamental patterns con-
tained in the given region of the object 42 is obtained,
and this result is displayed on a display device 50.

This embodiment is suitable for the inspection or
measurement of an object, in which fundamental pat-
terns are formed in, e.g. an optically non-uniform glass
plate. For example, in case of an inspection of a glass
substrate which is not uniform in thickness, with the
optical Fourier transform system as shown in FIG. 4,
the Fourier transform pattern image being obtained also
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contains information relating to the thickness irregular-
ities, that is, a Fourier transform pattern image concern-
ing the thickness irregularities is superimposed upon the
Fourier transform pattern image concerning the funda-

mental pattern size. With this embodiment, such a phe-

nomenon can be eliminated, and it is possible to ensure
high precision of measurement. Also, it is possible to

obtain measurement free from the influence of any con-

tamination of the inspected object, for instance a ﬁnger-
print sticking on the surface of the object.

FIG. 15 shows a specific example of the X-Y stage 12
shown in FIG. 4 or 13. Referring to the Figure, the
count output CY produced from the Y-counter 32 in
FIG. 8 is coupled through a shift direction change
switch 60Y to a conventional Y-axis pulse motor driver
62Y. Similarly, the count output CX produced from the

X-counter 31 is coupled through a similar switch 60X to

an X-axis pulse motor driver 62X. A drive output DY
from the driver 62Y is coupled to a Y-axis pulse motor
64Y for shifting the stage 12 in the Y-axis direction.
Similarly, a drive output DX from the driver 62X is
coupled to an X-axis pulse motor 64X. The motors 64Y

and 64X are rotated, for instance in the clockwise direc-
tion, according to the data CY and CX coupled to the:

respective drivers 62Y and 62X. The motor 64X shifts
the stage 12 in the X-axis direction by a distance corre-
sponding to the count value of the X-counter 31 or data

CX. Every time the shift by the whole stroke in the

X-axis direction is made, the output DY is-increménted, 30

and the stage 12 is shifted a predetermined amount in
the Y-axis direction in accordance with the lncrement
of the output DY. |

- FIG. 16 shows a specific example of the clock &

timing pulse generator 30, and FIG. 17 is a timing chart
illustrating the operation sequence of the generator 30.
An astable multivibrator (AMYV) 30; produces a clock

pulse signal ¢0 as shown in A in FIG. 17. The pulse
signal ¢0 constitutes the count input to the X-counter
31, and it is also coupled to a first one-shot 305. The

one-shot 30, is triggered by the trailing edge of the pulse

0, and it produces a first load pulse signal ¢1 as shown
in D in FIG. 17. To simplify the construction, in FIG.
17, the counter 31 is defined as a modulo one counter
(In this case the counter 31 may be omitted.). The load-
ing of the data Ipin the register 38§ is effected under the
control of the pulse signal ¢1.

The pulse signal ¢1 is also coupled to a second one-
- shot 303. The second one-shot 303 is triggered by the
trailing edge of the pulse ¢1, and it produces a second
- load -pulse signal ¢2 as shown in G in FIG. 17. The
loading of the data I pp from the ROM 33 to the register
36 is effected under the control of the pulse signal ¢2.
The pulse signal ¢2 is also coupled to a third one-shot
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low level comparator in which Lj is set as its reference
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304. The one-shot 304 1is triggered by the trailing edge of s5

the pulse $2, and it produces a third load pulse signal ¢3
as shown in H in FIG. 17. The loadmg of the data Ip;
form the register 36 to the RAM 34 is effected under the

control of the pulse signal ¢3.
The address of the RAM 34 for storing the data Ip; is

determined by the count outputs CX and CY. If the
Y-counter 32 is a modulo n counter, one output pulse

'CY is produced every time n pulses $0 are produced.

For example, if the Y-counter 32 is a decimal counter
and has produced 128 pulses ¢0 from the outset, the
data CY represents “12”, and the data CX represents
“8”. In this case, the data Ip; is stored in, e. g the ad-
dress No. 128 of the RAM 34.
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FIG. 18 shows the internal construction of the mi-
crocomputer 49 shown in FIG. 14, and FIG. 19 is a
flow chart illustrating the operation of the microcom-
puter 49. Referring to FIG. 18, a main memory (ROM/-
RAM) 49; holds a data table of the In versus Aay rela- -
tion as shown in, for instance, FIG. 6. When making
inspection of the order 12 diffracted light component,
for instance, a CPU 493 designates the specific address
of the RAM 48 where a signal (specific data) Ij; is
stored (step 10 of FIG. 19). Then, the contents in the
designated address of the RAM 48 are loaded to a regis-
ter 491 (step 12). In consequence, the CPU 493 searches
the data table in the memory 49, for variation data cor-
responding to the contents of the data I loaded in the
register 49, and transfers variation data thus found out
from the memory 49; to the register 49, (step 14). The
contents thus loaded in the register 49 (i.e., the varia-
tion data) are -then transferred as display data to the
display device 50 (step 16). As a result, th_e device 50

'~ makes a two-dimensional display as shown in FIG. 9.

FIGS. 20A and 20B show the case of displaying the
inspection patterns as two-dimensional color display. In
this case, the intensity of, for instance, the order 12
diffracted light component is classified into three re-
gions by two threshold levels L and L. The levels L
and Lj respectively correspond to the upper and lower
limits of the nominal average pattern size. The region
where the intensity level is above Ly, i.e., where the
pattern size is greater than the nominal size, is displayed
in red, for instance. The region of intensities between
L1 and L; where the pattern size is the nomin_al size is
diSplayed in green, for instance, and the region of inten-
sities less than L, i.e., of the pattern size less than the
nominal size, is displayed in blue, for instance.

FIG. 21 shows an example of the system for the X-Y
color display. The dlSplay data DD produced from the -
data processor 19 is coupled to the level sensors 70, 72
and 74. The sensor 70 is a high level comparator in
which L is set as its reference level. The sensor 74 is a

level. The sensor 72 is a level slicer with L1and L as its
reference levels. The sensors 70 to 74 may be con-
structed with a conventional operational amplifier. |
When the intensity I, corresponds to DD > L1, a red
modulation signal is supplied from the sensor 70 to a
color decoder 76. When L1 >DD > L, a green modula-

tion signal is supplied from the sensor 72 to the decoder

76. When DD < L3, a blue modulation signal is supplied
from the sensor 74 to the decoder 76. The decoder 76
may be constructed with, for instance, a conventional
NTSC type color decoding matrix circuit. The decoder
76 color decodes its input and produces a color signal
CS coupled to a conventional color CRT display device
78. With the color signal input to it, the device 78 makes
the X-Y color display as shown in FIG. 20B.

FIG. 22 shows an arrangement which is effective for
improving the resolution of detection of the diffracted -
light by the pinhole 16. The lens 15 forms a Fourier

transform pattern image where the distance between

adjacent diffracted light spots is A¢; on an imaginary
focal plane FP;. This image is focused by an enlarging
lens 15A as an enlarged image on the real focal plane
FP. The distance A between adjacent dlffrac:ted light
spots is expressed as |

A&z b/aAE;=kfi\ &)
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where a denotes the distance between the plane FP;and
the lens 15A, b the distance between the plane FP and
the lens 15A, k a proportional constant, and A a wave-
length of the coherent light.

Equation (5) indicates that the resolution of the appa-
ratus can be improved by increasing the ratio b/a, in-
creasing the wavelength A and/or the distance f;. Partic-
ularly, a great effect can be obtained by increasing the
ratio b/a. The enlarging lens 15A is provided for obtain-
ing this effect.

Although the specific construction has been illus-

trated and described herein, it 1s not intended that the

invention be limited to the elements and the construc-
tion or configuration disclosed. One skilled in the art
will recognize the particular elements or subconstruc-
tions may be used without departing from the scope and
spirit of the invention. For example, the invention is
applicable for use in combination with the apparatuses
disclosed in Japanese patent applications No. 31020/79
(U.S. Pat. No. 4,330,775) and No. 143228/79 (U.S. Pat.
No. 4,360,269) by the same inventors as to the instant
invention.

Furthermore, the components 44 to 48 shown in FIG.
14 can be replaced with an image processing module
such as Model 203 by Deft Laboratories Inc., U.S.A.

What we claim 1is:

1. An apparatus for inspecting an object, comprising;:
Fourier transform means for providing an output data

corresponding to a Fourler transform pattern of a

given region of an object containing substantially

regularly arranged fundamental patterns;
extractor means coupled to the Fourier transform
means, for extracting a single magnitude data repre-

senting a spatial frequency component of the order n

from the output data, the magnitude of the order n

component changing with variation of the size of

fundamental patterns; and

first means coupled to the extractor means, for deter-
mining the average size of fundamental patterns ac-
cording to the single magnitude data;

wherein the order n spatial frequency component is
selected so that the rate of change or the differential
coefficient of the magnitude of the order n compo-
nent with respect to the variation of the size of pat-
terns 1s substantially maximum.

2. An apparatus according to claim 1, wherein said
Fourier transform means forms a Fourier transform
pattern optically, and said extractor means extracts the
order n diffracted light component of the image, the
intensity of the order n diffracted light component
being corresponding to the magnitude of the order n
spatial frequency component.

3. An apparatus according to claim 2, wherein said
Fourier transform means includes means for illuminat-
ing the given region of the object with coherent light,
and a lens system for producing a Fourier transform
pattern image containing spatial frequency components
of the illuminated region of the object.

4. An apparatus according to any one of claims 1 to 3,
wherein said first means calculates the specific data to
provide the actual pattern size information.

5. An apparatus according to claim 2 or 3, wherein
said extractor means includes an opening or spatial filter
provided on a specific place where the image of the
order n diffracted light component is formed, and a
photoelectric converter for providing the electric signal
corresponding to the single magnitude data.
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- 6. An apparatus according to claim §, wherein said
opening 1s elongate in the direction of rotation of the
order n diffracted light spots.

7. An apparatus according to claim 4, wherein said
extractor means includes an opening or spatial filter
provided on a specific place where the image of the
order n diffracted light component is formed, and a
photoelectric converter for providing the electric signal
corresponding to the single magnitude data.

8. An apparatus according to claim 7, wherein said
opening 1s elongate in the direction of rotation of the
order n diffracted light spots.

9. An apparatus according to claim 1, wherein said
Fourier transform means includes means for illuminat-
ing a given region of the object with incoherent light,
and 1mage sensor means for sensing an optical image of
the illuminated region of the object producing output
data representing a Fourier transform pattern image
corresponding to the sensed optical image.

10. An apparatus according to any one of claims 1 to
3, wherein said first means includes memory means for
storing a data table representing the relation between
the single magnitude data and the variation of the size of
patterns, and means for searching the data table to pro-
vide the actual pattern size information according to the
single magnitude data. |

11. An apparatus according to claim 4, wherein said
first means includes memory means for storing a data
table representing the relation between the single mag-
nitude data and the variation of the size of patterns, and
means for searching the data table to provide the actual
pattern size information according to the single magni-
tude data. |

12. An apparatus according to claim §, wherein said
first means includes memory means for storing a data
table representing the relation between the single mag-
nitude data and the variation of the size of patterns, and
means for searching the data table to provide the actual
pattern size information according to the single magni-
tude data.

13. An apparatus according to claim 6, wherein said
first means includes memory means for storing a data
table representing the relation between the single mag-
nitude data and the variation of the size of patterns, and
means for searching the data table to provide the actual
pattern size information according to the single magni-
tude data.

14. An apparatus according to claim 7, wherein said
first means includes memory means for storing a data
table representing the relation between the single mag-
nitude data and the variation of the size of patterns, and
means for searching the data table to provide the actual
pattern size information according to the single magni-
tude data.

15. An apparatus according to claim 8, wherein said
first means includes memory means for storing a data
table representing the relation between the single mag-
nitude data and the variation of the size of patterns, and
means for searching the data table to provide the actual
pattern size information according to the single magni-
tude data.

16. An apparatus according to claim 9, wherein said
first means includes memory means for storing a data
table representing the relation between the single mag-
nitude data and the variation of the size of patterns, and
means for searching the data table to provide the actual
pattern size information according to the single magni-
tude data.
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17. An apparatus according to any one of claims 1 to
3, wherein said first means includes: .
a pulse generator for generating a clock: pulse a.first
load pulse, a second load pulse and a third load pulse;
a first register receiving the first load pulse for storing a

first data corresponding to the single magnitude data:
a first data memory receiving the first data for memoriz-
Ing a specific relation between magnitude of the order
n component and variation of the size of patterns, and
providing a second data from a specific address
thereof in accordance with the address designation by

the first data; ,
a second register receiving the second load pulse for

storing the second data indicating the varlatlon of the

order n component;

an X-counter for counting the clcck pulse and provid-
ing an X-axis data; o

a Y-counter for ccuntmg a carry out of the -counter
and providing a Y-axis data; and -

a second memory receiving the third load pulse the X-
and Y-axis data, and the second data, for storing the

4,408,883
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variation of each Y-axis of the object and providing a -

display data representlng the average varlanon value
of the order in component. -
18. An apparatus acccrdlng to c]alm 4, whereln said
first means includes: ~
a pulse generator for generating a clock pulse, a first
load pulse, a second load pulse and a third load pulse;
a first register receiving the first load pulse for storing a
first data corresponding to the single magnitude data;
a first data memory receiving the first data for memoriz-
ing a specific relation between magnitude of the order
n component and variation of the size of patterns, and
providing a second data from a specific address

thereof in accordance w1th the address de31gnat10n by

~ the first data;

a second register receiving the second load pulse for
storing the second data indicating the variation of the
order n component

an X-counter for countlng the clock pulse and provid-
ing an X-axis data;

a Y-counter for counting a carry out of the X-counter
and providing a Y-axis data; and

a second memory receiving the third load pulse, the X-

and Y-axis data, and the second data, for storing the

variation of each Y-axis of the object and providing a
display data representing the average variation value
of of the order n component.
19. An apparatus according to claim 5, wherein said
first means includes: |
a pulse generator for generating a clock pulse, a first

load pulse, a second load pulse and a third load pulse;

a first register receiving the first load pulse for storing a
first data corresponding to the single magnitude data;

a first data memory receiving the first data for memoriz-
Ing a specific relation between magnitude of the order
n component and variation of the size of patterns, and
providing a second data from a specific address
thereof in accordance w1th the address designation by

“the first data;

a second register receiving the second load pulse for
storing the second data indicating the variation of the
order n component;

an X-counter for counting the clock pulse and provid-
Ing an X-axis data;

a Y-counter for counting a carry-out of the X-counter
and providing a Y-axis data; and
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‘a second.memory receiving the third load pulse, the X-

~and 'Y-axis data, and the second data, for storing the
variation of each Y-axis of the object and providing a
. display data representing the average variation value
of of the order n component. |
20. An apparatus according to claim 6, wherein said |
first means includes:
a pulse generator for generating a clock pulse, a first
load pulse, a second load pulse and a third load pulse;
a first register receiving the first load pulse for storinga
first data corresponding to the single magnitude;
a first data memory receiving the first data for memoriz-
ing a specific relation between magnitude of the order
- ncomponent and variation of the size of patterns, and
providing a second data from a specific address
thereof in accordance with the address designation by
the first data; |
a second register receiving the second load pulse for
- storing the second data indicating the variation of the
order n component;
an X-counter for counting the clock pulse and provid-
Ing an X-axis data; |
a Y-counter for counting a carry out of the X- counter
and providing a Y-axis data; and

a second memory receiving the third load pulse, the X-

and Y-axis data, and the second data, for storing the.
- variation of each Y-axis of the object and providing a
display data representing the average varlatlcn value
of of the order n component. -
21. An apparatus according to claim 1, wherein the
selected order of the spatial frequency component is

- found in the neighborhood of a point where an envelcpe_
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of the spatial frequency ccmponents has a mlnlmum

level.
22. An apparatus according to any one of c]anns 1 to

3, further ccmprlsmg

level sensor means coupled to said first means, for pro-
viding a color signal when a processed data corre-
sponding to the magnitude of the single magmtude
data falls into a reference level; |

color decoder means recetving the color signal, _for
decoding the color signal and providing a color dis-
play signal; and '

color display means receiving the color display signal,
for displaying two-dimensional color images corre-
sponding to the average size of patterns 1n different
colors for different average size ranges. |
23. An apparatus according to clalm 4, further com-

- prising:

level sensor means coupled to said first means, fcr prc-
viding a color signal when a processed data corre-
sponding to the magnitude of the smgle magnitude
data falls into a reference level;

color decoder means receiving the color signal, for
decoding the color signal and providing a color dis-
play signal; and

color display means receiving the color display signal,
for displaying two-dimensional color images corre-
sponding to the average size of patterns in different
colors for different average size ranges. o
24. An apparatus according to claim 5, further com-

prising: |

level sensor means coupled to said first means, for pro-
viding a color signal when a processed data corre-
sponding to the magnitude of the single magnitude
data falls into a reference level: |
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color decoder means receiving the color signal, for
decoding the color signal and providing a color dis-
play signal; and

color display means receiving the color display signal,
for displaying two-dimensional color images corre-
sponding to the average size of patterns in different
colors for different average size ranges.
25. An apparatus according to claim 6, further com-

prising: .

level sensor means coupled to said first means, for pro-
viding a color signal when a processed data corre-
sponding to the magnitude of the single magnitude
data falls into a reference level:;

color decoder means receiving the color signal, for
decoding the color signal and providing a color dis-
play signal; and

color display means receiving the color display signal,
for displaying two-dimensional color images corre-
sponding to the average size of patterns in different
colors for different average size ranges.
26. An apparatus according to claim 7, further com-

prising:

ievel sensor means coupled to said first means, for pro-
viding a color signal when a processed data corre-
sponding to the magnitude of the single magnitude
data falls into a reference level; |

color decoder means receiving the color signal, for
decoding the color signal and providing a color dis-
play signal; and

color display means receiving the color display signal,
for displaying two-dimensional color images corre-
sponding to the average size of patterns in different
colors for different average size ranges.
27. An apparatus according to claim 8, further com-

prising:

level sensor means coupled to said first means, for pro-
viding a color signal when a processed data corre-
sponding to the magnitude of the single magnitude
data falls into a reference level;

color decoder means receiving the color signal, for
decoding the color signal and providing a color dis-
play signal; and

color display means receiving the color display signal,
for displaying two-dimensional color images corre-
sponding to the average size of patterns in different
colors for different average size ranges.
28. An apparatus according to claim 9, further com-

Prising:

level sensor means coupled to said first means, for pro-
viding a color signal when a processed data corre-
sponding to the magnitude of the single magnitude
data falls into a reference level;

color decoder means receiving the color signal, for
decoding the color signal and providing a color dis-
play signal; and

color display means receiving the color display signal,
for displaying two-dimensional color images corre-
sponding to the average size of patterns in different
colors for different average size ranges.
29. An apparatus according to claim 10, further com-

prising:

level sensor means coupled to said first means, for pro-
viding a color signal when a processed data corre-
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sponding to the magnitude of the single magnitude
data falls into a reference level:
color decoder means receiving the color signal, for
decoding the color signal and providing a color dis-
play signal; and

color display means recetving the color display signal,
for displaying two-dimensional color images corre-
sponding to the average size of patterns in different
colors for different average size ranges.

30. An apparatus according to claim 11, further com-
prising:
level sensor means coupled to said first means, for pro-

viding a color signal when a processed data corre-

sponding to the magnitude of the single magnitude
data falls into a reference level;

color decoder means receiving the color signal, for
decoding the color signal and providing a color dis-
play signal; and

color display means receiving the color display signal,
for displaying two-dimensional color images corre-
sponding to the average size of patterns in different
colors for different average size ranges.

31. An apparatus according to any one of claims 1 to
3, wherein said Fourier transform means further in-
cludes means for enlarging the Fourier transform pat-
tern image in order to improve the resolution of the
apparatus. |

32. An apparatus according to claim 4, wherein said
Fourier transform means further includes means for
enlarging the Fourier transform pattern image in order
to improve the resolution of the apparatus.

33. An apparatus according to claim 5, wherein said
Fourier transform means further includes means for
enlarging the Fourier transform pattern image in order
to improve the resolution of the apparatus.

34. An apparatus according to claim 6, wherein said
Fourier transform means further includes means for
enlarging the Fourier transform pattern image in order
to improve the resolution of the apparatus.

35. An apparatus according to claim 7, wherein said
Fourier transform means further includes means for
enlarging the Fourier transform pattern image in order
to improve the resolution of the apparatus.

36. An apparatus according to claim 8, wherein said
Fouriler transform means further includes means for
enlarging the Fourier transform pattern image in order
to improve the resolution of the apparatus.

37. An apparatus according to claim 9, wherein said
Fourier transform means further includes means for
enlarging the Fourier transform pattern image in order
to improve the resolution of the apparatus.

38. An apparatus according to claim 10, wherein said
Fourier transform means further includes means for
enlarging the Fourier transform pattern image in order
to improve the resolution of the apparatus.

39. An apparatus according to claim 11, wherein said
Fourier transform means further includes means for
enlarging the Fourier transform pattern image in order
to improve the resolution of the apparatus.

40. An apparatus according to claim 12, wherein said
Fourier transform means further includes means for
enlarging the Fourier transform pattern image in order

to improve the resolution of the apparatus.
H % * * *
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